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(57) Abstract: An image pickup system in which color can be precisely 
corrected in order to realize invariability of color through simple calibration 
while decreasing the area of a reference image part. The image pickup sys- 
tem comprises a camera (2) having a lens (41), an image pickup device (3 1 ), 
and a reflecting surface (61) and picking up a main scene on the image pickup 
device. Reference signal values (rn, gn, bn) are determined by averaging the 
intensities of the reflected lights of a reference scene received by the image 
pickup device from the respective color channels of a plurality of pixel parts. 
The reference signal values represent the light source color and a main im- 
age is corrected using the reference signal values. Correction is performed 
through digital or analog electrical processing by an image processor (7) or 
through optical processing using a complementary color filter disposed in 
front of the image pickup device (31). 
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av>5tts CCD 3 1M1/>X4 lfc:«fct)^$ixS«^ffi»&tf*©aE^ 

5 ©p^iBij^si d £>*u ^cDF*3ffi»jtw y * 7 ^ y h 6 1 &nm-? 
%o ocdwh±u>x4 i&mmmmvTccT>3 i±©£3t&g&3 ia 

fc*S#3*U Eimm6 lCAIflfcO©tiiMI6 1 cD^®T'±^bfe^-CD 
feWCCD3 l©#^ti^SP3 lb(cgiJ^-r^o BI2 (b) 2OT23 (a) 

mm& i 3 o sMtsi -5 tc. s^ra 6 ^ih^im i o o (Dftmzttmmt 

Ts&ttTifcSo =feffllfe® 1 1 0&3m&&3 1 afc^JSU #^fflH^SP 1 3 0 

##«t&gB3 i bc^ris-rso s^6cdsm®^ss6 3<Dmz±mn$&mi 

0 0©TfcJSIiafc:{fcHU S»i*:6©SI*ia^iS6 2©lfet±Slt®li»fiPl 2 0 

t&mmm&& 1 3 o t(Dmx-&®iT2>o 
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mmi o o £%ntkxm.jrsistz&<DT*&t), ^>->i i oi±^mm^x%^> 
ho oa»£st*®6 iizxM-?zyttexmft£mnx'jx.MVs ccD3itiiji 
TZo KmmftffiG 2»?,ccd3 i izmmtzyti&<Dmm-±±m<DtefrL 

?&^ytw&mz-o\^x^ 2 o \-&%<Dfcmmft&& 6 2© 

!B(Rl^|nI^±^^^S&{3j;!?^^nS*)0DT-^»5. M^MfJEgB 1 2 0© 

%.Mmm&&i 2 o<D%.mm6 1 ^cts^y^iHifGig 1 o oomiz^mm 
mma 130 1 LxmtiZo Eimmffi& 1 2 0 £#bb/^>-> 1 2 1 £2mwb 
122 tcE^tsi:^ 0 1 izmmi£M$iftm& 1 

3 2 tw^MHi^ 133 i:x-ffl^tife?iiR#^ 1 3 1 &0mmmi&& 130^ 
^^©stJijigT-MiRt-n&j^o #iiM^T-yu ±gMsi 0 o©g?# 

t)tfe3 2 64oo^t;^^^ 0 z(Dm&, msmiz&^mmmm.^ 1 3 

0©(^(tfeiEfflcD^±^cD3%^{cgSScii:^iD^ofeo £2^ 
ST-Jis x, y^5 0<fcD^^< 7 0«tt)/Jx^^EF^^illR#Bagjji 3 

£*l£&©-ffci:&^o 

&*>3A,s #J$^>— >fi03 (a) ©*3Hf 1 2 1x1:^1^1511 0 0 
©^•{gimo^gp^-^ 1 2 1 ylc^-r^ltf^lEBl 0 0£^*rf5HT-&J;^o 

It, BiMfa6*£Wm.ffimi 0 0©±^(U^#Ib^-&T> EI3 (c) Jc^TJ^ 
\z^mm^—y 1 2 l©f3B£^SbT*><fc^o ££x >KI}#:6#£iIj^tSBl 
0 0©^gP^g-rS«t^(cSIJ^6§^:Si^l5ffll 0 0<D&mWz&M$H:X 
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03 (b) <Dm-c&> &mzmi o ufi±m&mmi o onnftnhtzz&o 

OcD*F^^#^fflv-> 1 2 1 £:LTSItRUT^So dcDJ®^ N m%.&, MR 

ftMWl 3 4, MtRftMWl 3 5l±^ti^ti9c(Dmx *) &/Jn£&3 

5 0 «t!3/J^l>ei:bT«>So 03 (f ) Ttt«IEffl!i«£l$Sfc«>fc:, 

>^-f > 1 3 6 a~ c 1 3 6 d tl^r i-5 Cjl^rt** 1 3 2&W1IR 

> 1 2 1 £^>-> 1 1 0<Dtp>bmzm%.T2>zt-es 1 1 OCDSM 

fre£&feme5ft©^£«^£*3£fctf^ffeT&So ^rjfS^lEHl 0 0© 

Kftiz'D^xn&.MffiG iotoi (i sojsieHe) ©^&#irr£©t?&ft 

BI4CD«fc'5fc:av^5^«l#ttfc:«fifebT*«fcv^ 
So V^3>tfi— ^— CCD3 U^trt^rf-t- 

g©ffi©^>f tv^l/>^li0-2 5 5 i:i5:^o ^fM^T-fcU *y « y * 
l/>>>©§7^g£Di:^jiU *HJte^SSTH:D = 2 5 5 fcT^^T* 

miEU 7 2 ttBufBS^® 6 1 fcfijffl UT#a^£®£r 3fc»©ft«fi»5£fiB 
hltm C©*|IEgfl7 2Tfcfc$fc©3$OTB#l 3 2 StfaiRflJftJM 3 3 

7 3tt^JEfS«|jEgP7 2®J.—!f-^aili«ffJKm»SSn«rSfe«>©*© 
PiP»f^fiiJ7 4liCCD 3 10fi§©f:«)(:7 1/-Af%g|13 2, Hnfll 
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*iIEgP7 2©tB^7H:t7 r ^-T^-b7l/-^— 7 5 £/rUT^-*- 9 

yt-en^ftOS-TCAU S 2-ePiP^gP7 4©tBf£fc:.i: D y^trWS.'DX^ 
S^g^irov^JWrf So rantRf^«B7 4©t»f^t:«t DtSS't) 4 3£5S£fc:|B& 

SIKrLT\ S3f77^'J-fe^bt§fcfi)CF = 0i:U S 4-eMjMfc*JttS 
#i^«^^>^;i/T©^lia^M^rz[x][y] J gz[x][y],bz[x][y]^^«)So * 

<d&, S5, s 7 {3^-Tct^(3H^©7k¥s Sifi^(pi^n^n^^-r-str^-fe;b 
wlowckm xmx. ymx^^-ts^t*. S6, s8(cj3tNTx, y^n^nit 

* y ^ X^lc«*-rS^iS^M^rz[x] [y],gz[x] [y] ,bz[x] [yW&& e.ti5 0 
£k S 9tz£&mm(D>)-tey b&ffttti* S 1 8~S 2 l£J;S£llffe|&Bl 0 

T?©Sigli<fe^fiird[x][y],gd[x][y],bd[x][y]^a«*n5o ^UT. Sll 
T-fciu V-ZSJ X£*^> -bJV-tZtz&blz, 

*«^«rd[x][y],gd[x][y],bd[x][y]fr6*H«fi^te[x][y],gz[x][y] f bz 
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tt) r[x][y],g[x][y],b[x][y]^«>e>n€>o ft*>\ **?C:ftvvcy-*>>>f 
X*l^*t■Sfe»©X*^CD^I88SE3b^Ktzfi^toj^TV^S»•&^ix Sl-1 1© 

S 1 2"e&u #0W^^-^>^;i/©iSgcia^S^fiir(l[x][y],gd[x][y],bd[x] 
[ y ]^T2 5 5fiS«IbTV^V>3&>g*> (2 5 5 «fc D n 

&<> a&jftiu-cv^&^fc^fcJu s l 3 {cs^Tx ^f§ft>^;vto*7- ft 

^Offikr,kg,kb^, W^A^H^f -^fiir [x] [y] , g[x] [y] ,b[x] [y]^tl?tiA* 

^«#^^>*;i/©ifi^fflilfe^ffii^[x][y],gd[x][y],bd[x][y]©-5^'>^ 
< fcfc 2o#f§*nbT^£*§i§itts S 1 4~1 7(Zj3UT^t:-^-fe;VcDra^ 

£t\ s i 4cDYe si^-r&o^. mn2?-*>*)\'(Dm&m&m^mgd 

[x] [y] ,bd[x] [y]#«Sfn bTiJ *K afc^-i* >*;i/©it^ili&f8^<8rd[x] [y]#IS#B 
— S 1 6CDYe slz^-T<fcol3. #^2^^>^;i/©ifi^iii^M-^fiird 

wtyi^dtxityi^fiainbT^Ds >*)V(Dmi&mm.i9 mmxiixUyWffim 

-fe ;H&ii#JiM»£ *iv * >^;UT*<DW^iA^ili^fi-^<iib[x] [y] t: * -fe 
— fc* h^Abhc[kbc]#l?Mt£n-£^<o 
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GDfiIkr,kg,kb# l> -fe y h S 2 5 , S 2 6 , S29, S 3 0 , S33, S3 
Alz^-r&olZs mfrt>yji-^ v9\sy¥WLkMO)2 5 5 £SS£-e;u— 
&M}kWit)Mgti2>o S2 3, S 2 4©;i/-?->fr\ kr® 1 ^oig#£#oTli 

±IS^nQ#;£«>'~>ft3o CO±l^fiirm=kr(is 012 izm^Xo lc N 10<tH^ 
^<*o« F^7Arh#l 0 0 0£M£T^££^©mfc*£&kr©ffiT£> 
£0 IrJD<s S27, S28, S31, S3 2<a>l/— 3-><Dm*)MMZ& ^ 
^^#^-^>^;KDM^h:^-fe;i/(c*5(t5tx h^*^A^F 1 ©±RBffigm,bm# 

&&<s uTmmT~&2>&, ±ibi 0 0 o©fii(iis@-9--rxt3 e t bmttzm&t 

£>b^ — Jfo^©ffikrc,kbc#U-fey h£*u S39, S4 0, S4 3, S4 4l:^ 

■f&oiz, mfrzyji-^ v?)/>i>m*im(D2 5 5izm^>^}v—^>m^ 

iOI^tiSo S3 7, S 3 8(DJV— 5f->fr\ krc© 1 "f *) M$ 

ti&ztizj:*), mT-^y^fr&^Mvz-tMz&tf&tx hP^&mF 2<nm 

^rcm^to^tiSo z<Dmtfemrcm=krc&, m 1 3 izm^Xoiz^ 10<tH 
< frofc* h ^ A r h#0 &M7L1fe&>fz£ #©©&/J^&krc©^T-& So 
|e!D<s S4 1, S4 2(D)l'—?->(Dmt)&V1 l z£t), mmtzW?-* >*)l(D^ 
&Wb)UZ#ttZ>\L* b^vAf¥F2©g|^bcm#;&#£*i£o £43s S3 6 

^t:^-fe;Ki^lEb^l^T*> S 4 5fci3V>TrciD,bcmi± 

^n^n2 5 5 

HI 9 ?->-efciu >*;PT*<DMIt®¥i§M^Mrn,gn,bn#;£ 
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n%&Mfet&sr,sg,sbtP3c.!sbt>ti%o from 3 (d) C^^tiSi^t:, 0mm 
1 3 0 &5IiR#JM 1 3 1 tMIRftMW 1 3 2 ^F^SP^ESffl UT^ 
-So leUia-efciu NMAX^*7 0t^!3, NMINiP*5 0t^5o S4 6T-X, y 

s'j-fe^hts^c, S4 ix'0mmmm^i 3 o©«^#&ttu sso, 

S5 1, S5 2, S5 3T-x s yifi 1 -foiifln ITNMAX dSt-f^T* S 4 8 , 
S 4 9©£&3»DigWTfc>ft3o S4 8T(i1iiE^^ffl^n^^iiJ^^43{t 
3t^-fe;Uifci#J?l*g£*is S4 9f(iS*r®M^{fiomara[i],ga[i],ba[i]^ 

S 5 4t*l^ M^®M^©mara[i] )g a[i],ba[i]^^n-eniT*l^-rSCl^ 
(CckD, #a##^^>^;i/T-CDS*r®¥±SM^ (#«=U8fI^fi) ra,gn,bn# 

W-St* h^^A^©_tlEfigrm,gm,bm-ei^-rscii:(3i:»9s iHtt^-te^t* h 
y^AO)MX h^vA^^{3^<Jt^mssr,ssg,ssb*S5f<«)^n?)o l§It£l^ 
#W^^^>^;i/^®^tr^-b;i/(z^j{t^SI^®¥^)M-^^irn,bn(3D= 2 5 5 

^Sf-ttiii-fc-e- £ £ w^n^ivFii vt-tMz&vztxh?^ Af¥©gi#tflrc 

ftit#J^l!&scr,scb#^&£ft£o S 5 4 CDlclifciu WItUX. 012, 13{C*5tt 
5rm, rcm42 5 5 fc^frT? A^y77^i S^fcrSffl-f £d £ 

S 5 5-eiis ii^tr^-te^t^ h^ACQfc* h^A^MfifcS^Jttfy^ 
$(ssr,ssg,ssb<D?^ S^J^O^cD^g^cD^cDiicD^^^i^it^J^s i: It^c 
#>£>*i£o ^n^Oit^J^^ssr^sgjSsbcD^^^^fD^cDXttS/J^^O^s £: 
LT*tf>T& cfc^o S5 6, 5 7tTOt^t;t/©t^ h^7AI:i5{7 
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ry h^ff^ns S 6 8~S 7 1 cfc3±Hlfe*5H 1 0 0 (3i5^^±t^-fe;i/©^ 

^•^>y^fft>n5o s6om ^w^^-^v^^To^A^H^m 

^r[x][y],g[x][y],b[x][y]lz^UTit^J^sr,sg,sb^n^ti#^t3^^ 
^»#^^>^;i/T©«iEaifeOT^rc[x][y],gc[x][y],bc[x][y]^»e)n 

So z<Dm&&mnx&ztc&, '&&<DWM*m^x^tzttiztm^x, $m 
iz-mm-^mm^mt^^c 

fr^U-Aill, I 2 ©-5 1 7 U — AT*$i £>^§ — n 

AR 1 , R 2 J: t> ^n^ftit0>J^sr,sg,sb£;£#k £<DJt0!];£gfcsr,sg,sb£& 

ffibfc«»A*H*«^llp[x][y],g[x][y],b[x][y]K:»«-^t>*T*A^« Jt« 
iSftsr , sg, sbco^m;i/— ^ > h y * i: * £ -TfioMS^ K— h* * £ 

S6 ltil #^W#^^>^;i/T*cD^A±;li^{f-^fttr[x][y] J g[x][y],b 
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[x][y]<£>-5-£>— ofc 2 5 5J^±<D*CD«^@^{Z N S 6 2~6 5©;i/— 

/w/ut<tt)f^n5o S6 2T'±T(Dmmn&^*>*)ix-<Dmi$wi£m 

^fird[x][y],gd[x][y],bd[x][y]#2 5 5W±Oli^ S 6 3T*^W=§^> 
;?Wl/T<DffiIEiS^^fiirc[x^ 

n2 5 57fciiT-&!K So. #^-v>^;i/T-CDifi^iii#M^bd[x][y]^2 5 5 

xcDffijEmmm^mbc^ mrnrn^-^ >^jvxcommmmm^mrd[x][y],gd[x] 
[y] <Dm-fr(D¥fi-%m?- ^ jvx-vmmmi&m^mgdix] [y] £ in* £ <D-e& 3 0 

S6 6T*ii. ^W^^ >^;VT-®MiEiii^t-^ttrc[x][y],gc[x][y],bc 
[x][y]#2 5 5ZMZ.Z>m&lz&2 5 5^AU 0 0 £ttA b 

^;i/T©MiESi^{i-^fiirc[x][y],gc[x][y],bc[x][y]d s m^^tiSo ^bT. S 
6 8, S7 0£:fc^Ts 3r!H§LfSffll 0 OlZtt-rz±T<DX*-r>&^Tlstch 

D-K^^-Sci:-t*^-rs^i:^RTtlT'$>So &*>^s imi&tts #^b 

i o, &ft#j$8M 3 KD&^mz-D^Tmw-f&o 
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tx, mi i (a) tzTjk-r xoiz, mm*s-y i i i a.?tmmm&\ 3 i a 
(Dmfcx%<w>%.-rz>z£&X'g2>o m.mm 6 i ^±mmmm i o o 

ihts |5J (b) \Zmir^o^ mizmm^MtR^WM 1 3 1 b*mfe?2>Zt 
|5l ( c ) -efcfc. ^riii^tgB 1 0 O^TtfPJfcISMUfc 1 0 0 a©-^lzMiR#BB 

i 3 i c£i£^u ^mmts-yi 2 1 cfr£>Bpj&£3<#>Tv^o £*>i;: s 
[ii (d) "easier® 6 i^ihi (a) £mmiz&&mt?2>z\£T^ mm.0m^i 

[5i (c) (d) -eBu ^nHtiSffli 0 oc^nccD3 iotw^ - 

©CCD 3 1 httS'J{3 10 0 at*tM5i-CCD 3 3^15ttTV>So 

IS) ( e ) T?fc*£HHftl5ffl 10 0 ©±T£Etfi©5tiR#M5 131e, 131e 
£t§:£U +^©#^ffl^>->l 2 1 efr£^^fr©M}R#Hgg|$ 1 3 1 e iz 

£-£3Bj£UTnSo <BU MiR#fl8SBl 3 1 e, 13 1 e Izm&'&Ztatotzmn 
0 1 1 O#09-ettx C CD^±CD#HBffl^>-> 1 2 1 1 3 1 £(D 

mz, *L$m<DZ ^zmommmiz-D^x^xrm^ir^o ±mm-m 
mmm t mm^mz t± mm&n^ &<t b x & % • 

Ell 5 (3^-rm^HW^T-(is CCD 3 l©i««fiP3 1 aiP&i£&;h,S± 

-#mwi li^Bjfcum^n^o «jEa$7 2t*w-sjt^»sr,sg,sb©ismi±x 
iai4©^-> ir#i7i/-ARi, r 2%m^xftt>n, z.ne>wmmmm 
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-So 

it^mMimt iZ & D ^l&CDfe^ ^ > ^ESlT £ o T £ V^o #7 

l/>X4 l^?,OAIt)feli7'JXA3 4(:«tf)^nT*7-7^;i/A3 7 

a^^t^^- 1 h^tiTc*^— 7^i/A3 7 % ^m&Rz?^mm&%<& 

mnnnmrn t mm izmm $ n s 0 
m 1 7 {c^-r^E^sB^T-^ -xcom&mmmm i izmmistzt)*? 2 

ntzMlEW^i^nmSM^ 8 1 £J; D J PE G^O^ti »3iSi^JEi^^n-So 
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U— * — 7 5^T^OBt;!p*^^-9t^^tl5o &3b\ £ ft £> CDjif&fcl; 
BiS^Sa, Sb#^ft-eftii§j^£ft N tr^t7ft-#-F7 1, 7 1(3 

mt>&£ft£o ^j^j^ a®^s a.&z* t;*mmgtifc7±o>v— <D&mx 

fe^K B It S b li^^ltS^IMIif f §o AiS^S a.\±±m<D$m 
#M£t£oTMlE^7 2T£MIE£ft£o -^Blj^S b^fc*^— >ft|?mgf$ 
8 3^^bTBli^SbO^->tc*Jit^^^^@©ftffl^«fc t)3<#>£>ft 

tt^fr£ftT-S@<D6MlE#&£ftfc^ ®0^gP8 5(C;fc^TBjIj^Sb 
£Ei^-£7?££ft> — 9 ^UTS^fe^^CA^ BH^S abds*^ 

ft5o 

El 1 9 fc^r^AHiteJ&liS-Cfcfc. ff!£HS£^£fcm& 0s BitSbf:n> 
hTzL— ^^^7^f y ^MH££ffl^TV>3o Cl©Bi®^SbiiCG@i#f^gp8 
6S^bT^-^-9t3«J:»3^qIt6T-$)So Sfc^ CGH#ftMS8li8 BlCifcW- 
51c bT- m<D&ffilE$:ftt>tltz AmmS a&Ei^£-*»8 5 fc^TBH^S 

m 2 0, 2 1 £;rs-f 3l-b^J£B^-e&. U >X4 1 #X—A V >X£ bT#|j& 
2 O(i^0^JgI^^t*)0T*fe5o £t\ i^tSVFIiCCD3 1J:l/> 
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X4 ii:ciot^nso RMme i<DS.mm^me 3\±m*.&mvF±(D 

i^IFdf±CCD3 SttteaiI^®Fn(iMM®6 1± 

ft A s £{&<DM £<&&&&% £&&&&&? & 0 

A s =7T — A n — A o (7) 
RS*iS6 l©T<l'J(3O0T#x.€>hs ^^itSo 
2 As =7T-Ad-Ao (8) 

7T-An-Ao= (^--Ad-Ao) /2 (9) 
£©5$£St*®^AnJ;:-3^T^3IU ^§H§c 

An = ^/2+Ad/2-Ao/2 (10) 
CdT% ^^Aott^^OcDtigtcj: t)^h*^bU^^CDT-Ao/2ii 

So Sl^a^Antt^^AdlcitJ^t). Sg^Ad 
{ig^SSVF^atcfcD^^So iot, S£*® 6 1 ©S&r@&ig} 6 3 ££i 

d^T-s 1212 1 (a) (b) {c«fct)Sra6 3 £RmWMAn£*mffimteg. 

(a) CDH»-e^-rffiBt:&S«^ MOT 6 1 (D-ffi-e&ZfcMm 6 1 attJR 
lt®&*£6 3ai:SI^®^An 1 i:l:J;D^n5o U>X4 1' 

jSffi«*»'i>us<«cofc-^«ue©<ftaK:&s«^s st*®6 1 b<DRmm&m 

6 3btt£#iB&*86 3 a«fcDfc4>LU>X4 1 J: DjStftSWw&l&U SI*® 
^An2iiMMnUH^<«:5c St*®6 1 ©£S*iB$fcilMiU ft** 
i££62L, 6 3 L£*&oTStifffi®ftiSk gftg6 2 a, 62b, 6 3 a, 63b 
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&*ti*tiwiw$ti. z.tKoKmmacM&s &m&6 2L, 6 3 Longest*® 

6 1a, 6 1b*sfiit5Ci:^5o 

6 6 a^^bT*i^gP#6 7{3^£*u $ £ ic*^< 3 i3*tLTiJ§— *g 

«|66 6 afcifi^-rs^— ffi*lll6 7 aMDTJSl&Rrifetc^r^nSo ^fes 
t:r&St*ffc6£^A-f££: #>©!§□ 5 a3&s^fc©IUIS^J©Sn<^H|fe|6H 1 0 0(D 
ftmzttfo£'&XftZf&gtiX^2>o £tc, *^7 2l:iiCCD3 1i:Mt5Bi 

30&>Kt*®6 1 a, 6 1 b^^IIR^tiS fg-4g$fl6 6 am-eStftfc 

i±LW£T~ffiW)-r2>o x?-)i<mm<Dm&i±, ccd^mx^-tx hD#2 

*tu ccd 3 i &ft\;X±.m<D^mmi/— > 1 2 i#i&t>&i;ft&o n 

— MW 6 7 a ^ D 6 6 bT£*MB 6 1 #P >y h 4 

U l#j&*TbT^>-> 1 1 O^^tiSo 

^bTs atib&mmi'— > 121 > 1 1 o t&m^x±m(D&n]E% 

El 2 2 „ 2 3 C^fgAllitejB8iT*fcJ\ &.%%=f-X1h 2>m= C C D 3 8 1$%<D 

^-ccd3 i£&&}mzm-t<bn, x-Au>x:x-y h4, 4^-, m= 

C CD 3 1 , 3 8iz^ft^timV-t>tlX^Z>o &\/y%=L-y h 4, 4 0i^D4 
3, 4 3MiPHi : B-^-4 4, 4 4fcfcg!-CCD 3 llzmmTZ? U-A 
¥W3 2CJ:ot*It:SiJil^nSo i;*^ 1/>X41, 4 lCDM^ffili* 
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ffiuyXlz&^X&m-rZo &m-s I5CCD31, 3 8lc:*fbTy:. 
irtfrt^rt^t-^-n lx, 7 1 y&Ztl^tim-tZnTUZo 

fgHCCD3 8#!g-CCD3 1 £mM(Dm^T'& i-CCD3 1 «fc t) * 
^t.-^-fe;KD^^^©^^)feSo i£CCD3 8^^^t:^-fe;i/£7)^v>P\y 
h£^ffl-e RS*@6 1 ^ffl^fe#Haffli>->^e)^fe^Sx.ti(i^ 

7 1 ztcgam^-e-s MiEgP7 2^43(ti>^fe^/±iB$^^t:^-fe;i/^^b 

i£CCD3 8«lJ©av^5[^iC^i^OSI>r^6^^)^t^t? ) nTV^So CCD 
SS*#: 6 fc* N MM® 6 1 0±I3Mf?tS^ A nSt^Slhf®^ 6 3 fcjffififcfcjfc: U > 

alC^-TMSt®6 1 CMbfe»^->(i^HC CD 3 8 ±©5BjR#fl8SB 3 
8aHc^£^U ^6 lb{;^-T6 ltMUfe#Iffl^->H:iHCC 
D3 8±©3iR#Jiaffi3 8a2fcfc&BJfrrSo d©«fc-5lc:> Jg«5bfeSSJlB6 
lfc:J;»):£Blfef56Bl 0 0±c«»$nfe#S8fflH«BP 1 30®^^ 3g^&# 
HBIK13 7a, 1 3 7 b ^MiRfSc: £T% U >X4 1 (DM&mMlzj&VfcmW 

;i/*^-r^Dy^En?&a« at^as^a 1 5 1 «\ ccd 3 i2p£><9fi^£M 
^uwicsttAnsiiiifeffliaap 1 5 2av3te«6«^au 1 5 3 s^a/c^So m* 
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#fla»lfe3G3 1 bM3t«fi«IS»l 5 3 £«t S *»e»nfe3te«fi©m*tt» 

3 1 bfCi D^to6tife^fe©RGB^©^§^ti^tiRn, Gn, B 
ni:U ifeCRGB^OMS^n^nRc, Gc, Bctttl^ — jtSft 

C=RnRc=GnGc=BnBc 

^bTs Rc/Gc = Gn/Rn, R c /B c = B n/R n& SSiJ; t) * *§ 
60RGB^©*7-/\*7>^Rc, Gc, Bc#;&3;£o 

6«a»#m i5 5it M£s$j/CT 1 5 4 c«t t> *>ntzffi&&m — 

gP l~3cD^-ftl7>{3iJ^T7>f;i/^i;bTll^So &mm^&l 5 5 COM 

$ — i=&f p i~3ov^fn*cisi^ti57^^a:, (vi 

ewing) St^MlfSe 1 7>£<D^©^£^£-£T£^gB3 1 a&tf# 
ra^g(5 3 1 bfcSBi<*#-So ftjB&Stitffil 5 3tt, #M^gP3 1 btct t) 
^m^nfetul3#Mfflfi^ (rn, gn, bn) cDtj^-^v £*i 

pfflm-r&o -r^t>t>. ytm&mfe&i 5 3&. ytm&*$i&xcL(Ditm&*& 

>X%mm0W.mm-^m (r n, gn, bn) Settle 7^f — hvsy£ 
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ni2 5 iz7jk-?m%mmMmi±. &mw^&i 5 scD-mx-ftz? -vwmi&m 
mi 6 o^^fo z.<D7>[ jv^mmmmi 6 ot*n $mi 6 iudt-^-i 

16 4 a — h£l&t*jfc& 5 0 iti^r'J-by h7^M 16 4 a~hCD^ 
fecr>WTS^^{-«*iev>fe?ajg^-r?.r , ;-fe^ 1 6 4 a~h# 

02 6 izTFTm+mmmmM, &$m^mi 5 5©— 03jt-&3:7^;i,*x^ 

Kttlfll 1 7 0£^-To dCD^-r;!/^^^^ KfcHHl 7 CCD 3 l^>b> 

X4i coytmzm&Tzx y^izm^^^mm^ux^m^im^y * 

tl&o 

±mm%Rvm+mmmm&*n?n-&\>x±(DWi 6 lxii^^^^^jtts 
*-*h — nmmcD7jjv*mm%&ffii som^nso i^«w&flgTt±x m 
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y h7^;i/^ 1 8 3 a~f^$nt^5o 

#>:7*1 9 2Cit) 1 9 3^£>ft£ 0 *>7"1 9 2i±^t77AI 

So *7-D>hD-7l 9 4 fcfc«fi»j£SB 1 5 4ipf,Oifita^^ 
^ >*?kttiffil 9 5 a~c(i->7^>, -x"b?>*Xttf :nn — (CMY) <?M > 
T^>«y HUf K#2 8 9, 7^>y K-f^P — #2 3 ^m^xm^TZ Z. ti$X% 

tizj >*<Dm&®ifi-7 4 t.isXftm?2>o mwms&i 9 6*MM^tzm& 

mi 9 8£a£ttT^!«£:7^-hv\-y^LT&<fc^o 

ff;ltit 3ocD>f >^ttiSP 1 9 5 a~c(3*fU 3 OGD 5. 1 9 3 a~ 
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ccD7-f;^2o ooe^^ji-rs^^^A^^-ro z\<dcci>7 4 2 0 

0&, N3£2 0 1 tzj; K>&*.)1<2 0 2 fcttlfloT^So -fc;i/2 0 2fc*t:*-fe;i/ 2 
0 3<DRGB^£3^>*;M;:;tt/S£^T§&ttT&£o I^&fe*-* 
(7)-fe;b2 0 2|bJ±7>*:7*U y 2 0 4Ci DMI^nT^&o #}&A{g2 0 5 

r> iS«tABS2 0 5 gs if^tAS&2 0 5 btt*ii«i*+H^lliJKJIB6D $ 
19 3 a-cJDtfeOCii^nSo #s&AS§2 0 5 r, *isStASg2 0 5 g, # 
^Ai^2 0 5 b(Z < tD«^^nfc:^S^>^?g^tt : &-fe^2 0 2£ifcaUT:7 
-f K*£l,rftm-tZ£m^ #«EA&2 0 5 r. &«EA&2 0 5 gs #«EAK 
2 0 5b^ttilii^*i5o 

ni3 i fc^-rsg+£HM^fc£> WLmm^-t vr*^-? 4 ;ua 3 7*fflv\ 

EpijjfcK2 1 3lZtt-?Z7*)> V&ftom&V&ffisElzm-rZo 7>72 1 lttfe 
MlEffl©^;^ 2 1 2£tf-bT>fe£7J^— 3 EPiS&R2 1 

3W7-7^1/A3 7©#§«fe&ttttao %&*>V2 1 4&lttteagfe8!lJ£gB 
2 1 5 3 7 bfr e>tB^B#©#«fi£#«>So fctfeitf^gP 2 1 6 fcfcc 
©ft$iej©M&£*»:7>f ;i/*3£&£l®2 1 7 4#J»l/t7^;i/^ 2 1 2<£>££ 
7^;i/*2 1 2;Rrr7-f ;i/*£jfcgil2 1 7 &^if6<8l«l^© 1 5 5 

S3 2iz^-rm-[-AmmnmMm^^y^^^^^y L ^2 2 ocbu cc 
d 3 i#ghccd3ft?&!k smm^mi 5 sfcL-owftRr*?* 223 
Rxrmm&BS&7 4 fr* 2 2 4*sffli>e»nso 3©«i^7-f 2 2 3 (±7 

LCTF (Liquid Crystal Tunable Filter) il^T-^o *n 
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y h Aoytmzmmzrj&om-, m-m^y^** 22 4 a, b*st>\ cm 

;i/*2 2 4fcbTBu RaitJK©S3&S-i— h7;^l/-fOND7^^^ 

03 3 tz^-r^-f-b^W^fi 3CCD#^230 icHU U >Xn.~ y h 
4fr£ASJbfe3te&;frr^-f jb^Dy* 2 3 1CD7*UXA2 3 2T'RGB(C^ 
)fcU aiCCDi?fjfe5 3o©iCCD2 3 3rs iCCD2 3 3g, f C 
CD 2 3 3 b<D?tl?tUzm&*&&TZ>o ^CCD2 3 3 r, iCCD23 
3g, f CCD2 3 3btt7r-f^7D'^2 3 1 £©F*m3fcJ:-£ft-en#BJ3 
BgjgpT^ -(^2 3 4, WBBB»£qr&:7 -f^ 2 3 5, SHBIftSRrg? -f 

2 3 6^*is:(t^n. mn$)Kiffi&7 4)\,p*Mj&'r £«fc-5£ N 3ti?,©B«^ 

MS'JlC^Martii: LT^So #^BjDiJgpr^7 ^^2 34, WB«JgoT^^ ^ 
M2 3 5, *PJ§BfJgqJ^;7^;i^ 2 3 3t©IUfi^S§^«x ^ft^nig-, 

^-i^7^^2 3 4a, b, 2 3 5 a, b, 2 3 6 a, b£*fbT^So 

*2 3 4 a, b, 2 3 5a, b, 2 3 6a, b<D±X*mmfflm* Z Z b&mt. 

bV^O 

m^vyxn.-^ h4com^t0nzwL*)m^, mom-mm? * )i* 2 3 a 

b, 2 3 5 b, 2 3 6 b£#£^ >*;W3^£^TtS:W-T&3o /vf^W h 
ig)fc7^1/^2 3 4b ) 2 3 5 b, 2 3 6 b^rr^ *;V7*D «^ 2 3 1 
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&^-r & * -5- p< 5- xtt Ria«ftit»-r s gi^ * ^ ^$^m^tx$> £ 
pim*^ * > * ^ s^tt 2 ^ * > * Kffim t ? z z *> rtiit* & & o 

±iB=&HJSff^-eiix SOT6Um AMXttlOTihbT^J&bfco bfr 
m^fifofeo bfrU 3^£DP f 3 2feC-D^TO^»^^f^i:^^bT*)^MiE 

±mm&Mmx~&, mmm^t^xccBm^^^-y^^^m^tzo b 

©n«^«8*±x ±hb^ — A(DmMftmtmfr&t>-&z>ztx, m^<om^^ 

x&ztzib. m&ttm.ffi&%mzm%jx&*), ±mm% — hsv^-a — a 
(ommmmiz & z> mie & * (Dmn o z t x, «t ?> mm * ^ a z t & nm. 
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1. Hi^CDfe^*iiE^€.fe«>©Ji^^^7 i A7?$,oTs U>X (4 IK tKflUK 
? (31, 3 7), ^ftfSI 1 ? (31, 33, 37, 38) SVSItffl ( 6 1 ) & 

(iio) zmmmm?- (3 1, 37) ±t«t5*^5 

( 2 ) £H;Ls Bfrtat^^ (31, 37) StfiiufBg^ffi^P (31, 33, 3 
7,3 8) B»fift>*;^IU liuiBSf*® (6 1) «± 8913*^7 
(2) ©8ISl*3K:IEgi*nT:i3tK E.OHUHBi^>-> (110) Xfcfc *©*£#£ 

ja-rs#Riffi^-> (121, 121 a~e) ^ e>©;ft£si*-r s tmzmi^ 

>X (4 1) S^UTtuHB^^ (31, 33, 37, 3 8) 
©Tifc»K SIEft^*^ ( 3 1 , 3 3, 3 7, 3 8 ) iz X t> ^(tAn?> 

ftfc#«lfflS'— > (12 1, 1 2 1 a~e) ©Stt#©?t> 1 tr^-b;ug|3 ( 1 3 
6 d) ©liXttSHRt^-te^SB ( 1 3 1 , 13 1a~e s 1 3 6 a~ c ) CDrnflB 

(r n, gn, bn) i:bt^ 
©S^fe^gP (7 2, 1 5 3) Z.<D^mmm^m (rn, gn, bn) 
£,fc&ig4ft©6£«IE"r£«iEg8 (7 2) fc£fii;tT^So 

2. ff*Jii^f3«8©^^^^A-e*)oTs HufB^iE^g^ mmmm.m^- 

(3 1, 3 7) (C«fcDJ*Bi*ftjfc±S/— > (110) <D&mmtiLW£.1StirZ3E.m 
(r[x][yLg[x][y],b[x][y]) &MSB#fe^* >*;i/«fcJfc©fcBu83#!ifi 
JHOTfMrn, gn, bn) {3<t oT J €-ti j e p nilHW^I^"r S d i:(3d: »3 buHB 
£m j %m*ffilE\stzffiJEm^m (rc[x][y],gc[x][y],bc[x][y]) £ff£fc©©*t 
IEgB (7 2) T-&3c 

3. »^2icga«©*»^^5 t Atifflv%e,nsiij«fiia^B"c*)oT. 

BuiB#JBflm^B (rn, gn, bn) £#Sfc:W"r5fiMR (sr, sg, s 
b) fe^^Dtt)^ zomm. (sr, sg, sb) fctuHB^M^iit (r[x] 
[y],g[x][y],b[x][y]) Ctl^t>*5C £T*£<§^©1SIE&fT5 &©-e<&5o 

4. M*g3C:E«OI«ffll«S-?ftotx £ftttH&!B«-fe*-*>*;i/fc::fcfr 
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Zmm&mm. (sr, sg, sb) 3& s &6^*>*;i/£«fc&S&£B&fB#flttfSM 
fi(rn, gn, bn) t^{3ft^t >*;i/T#»©fl!i©ttft (s) 
W bt l> £ & ©t^5o 

5. at5l<li4^IB«OH^a^fiT'fe^-Cx ^tUitulBJi^fll^ ( 3 1 , 3 
7) XttauSB^^ (3 1 , 3 3, 3 7, 3 8 ) frZM&xkbtiZ? 
^<£>?*k &&7l/-A<H^fr£itug3^iMs r, sg, sb) 

^ (sr, sg, sb) %izmr£immm(Dm<D7 \s-&fr%mtzmm&£.m 

(r[x][y],g[x][y],b[x][y]) izm^te^Z Z\ fZHm^&ffilE&ft o 

6. mmn5iztm(Dwmmmmwr&'?Ts iiniiiiM (sr, sg, s 
b) *mm.(DM<D7 u-Afrb^n?nmzmm&£.m^m (r[x][y],g[ x ] 
[y],b[x][y]) iznmzmir&ti^%z.h^^m^<Dnttfto *>(D-c3bz> 0 

7. m^M 5(3lB«Oja#^a.S^MT$>oT, ^ft&BuHBffeCD^b — Afr^CDfg 
HUHB^^f ( s r , sg, sb) §f:46©tft7>7 (7 9) 

8. m^4(3H3il©iii^31^gT-$)oT, SuIBflbCD^ (s) buIB^M 
^ffi (r[x][y],g[x][y],b[x][y]) # Z\<DM^ coM&iz &tf2>m*.mt frtev 
2>m. (rm, gm, bm) (rm, gm, 
bm) ^BuBB^M^^g*;*^— ;Wii (D) l3jft-3t* 5 0 

9. li^4^g3a<Diii^Ma^BT*>oTs iuIBffe©^ (s) tt, &5t^ 

&iz%mv?iz)i,*^]E¥i7iz)i<£7£mL, mm^JE¥?-&)UDm&iz#tf&M 

H3flfe-^-v>^^F«3T-cD^-^fii(Dg/>fiit^-^^tt (rem. bem) #Mf3 

g**^-;HB (d) \z>pte< tt>m?ztzv<Dm&mm<nmm (s) 
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(d> izmvR^m$(DmB^*>*)ift(D£m^mftMi?,m*x>r— ;nt 
(D) fc:»uT^&^»£fcx mmit3-*>*)\'(D£.m j %(DffijEm (be) 

1 1. gf^JS2 iztm&m&^XTMzm^znzmMmmw-c&'iT, en 
{i^^tcBuiB±M-#©ffi«i^g (8i) ssit*D, mtttm^zmmmiEWi 
izE.m-rz&co'efoZo 

12. m^l^l3«©*|^^^^A(3ffi^^nS*^^T-$)oTs iiuIB-Kf*® 

(6i) zmttf? (2) ©ss^i3iEfi'rscifc©qi^^st*®^ift^i«i 

(6 5) £iix.T^£o 

1 3. M^l^lBigO^^^^AT^oTs tutBSJfr® (6 1) £BaH3£^ 
7(2) ©«»^fciBil-rscii:Oqrtl3&SI*iB^tt«WI (6 5) &flt;tx buh3 

s*r® (6 1) liz^^mm^mmm^m (m, gn, bn) *^»fe«t:MgB 

(6 5) fciDiWaRWH (6 1) £mB**7 (2) ©*as^ 
fcEBbfcttJB-C^HAStlf^U M«B#^fflM-^H (rn, gn, bn) izX 
tUm^m (r[x][y],g[x][y],b[x][y]) £»IE-r*fc©T?i&3« 
14. Ifc^lfciBt^£i^>*^AT?ife-s>Tx buI3»^^ (3 1) RVmiE 

$&tm=* (3 8) wj^iei-^o^cfc^^D, mmv>x (4 1, 4 d 
zztizmmm? 01) WBuia^m-? (3 8) fc^s*-r*tt*nKw- 

Sfc^tzcift^Ml'VX (4 1, 4 1) ©X-S>^fcJRDfc buI3 
MOT (6 1) ^*BylBl/>X (4 1) ©M^SgM^ KX*(Dllh&<DmWMW£ 
^ii^jii^UT^M-rScfc^tCTB^-rSt^ClCDSOT (6 l) £Hyg3U> 

x (4 1) ot^rtcatu buib^^^ (3 8) ±<DmiEmm&® (1 

3 0) G9?*>MiR*iIEg|5 (13 7a, 137b) & bmm&&mizj&btzmm 
RMm (6 1a, 6 1b) \Zttlfo?%*><D-& : mi-? So 
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15. m&mi 4iztm(Dm&i/x^&-e$)iXs mm&ytm? (38) ©^*> 

^Pfltf ?*zJV%mjtmnMiE& ( 1 3 7 a, l 3 7 b) OlWCiSt 

1 6. sf^Jlltc§3«OJi^S>X^AT»feoT, Bug2-S^®OIBSX&tuia#^ 

17. IS;£J5 2£g3m©Jfi^X^AT*$>oT^ tuH3*^-7§^^< £fc 2i$M 
U -^©^^^{c^^SbuhBMjEM^ (rc[xj[y],gc[x][y],bc[x][y]) fc:*f 

18. af;£lg2l3H2«©JIi^>XirAT&oT. 3>^-*lH§<£{fr?rri> C 
Gmmtmffi (8 6) i:Cl©=3>t:a.-^iii^©^fe&^-r^CG^Mfei* 

(8 7) fcSWU mmiEm^m (rc[x][y],gc[x][y],bc[x][y]) fclfcfU 

cG^^^gp (8 7) iz&iombntzytm&m*mtt&3-'r>*)vmizn 
(8 6) iz&Qttm$ntzzi>¥jL-*mwL£&mLT&mmf£*m&k<D7?& 

19. ^!Sli3g2fg©Ji^^^^A(3fflM^n^*^^T^oT^ m^m^M 
f (31, 3 7) RVmZ&ftm? (31, 33, 37, 38) #|i|-#&GD5fi 

2 0 . !if;£Jg 1 9 lzmm(D** 7f$,ot, buIBS^^ (31, 37) #iiuI3 
Jttft*^ (31, 37) (D-WC&Z>o 

2 1. at^l{-I3«©^1^^^5 1 A(3fflv^^^^?>*^^T•$)oT^ HugBitltfSt 
f (31, 3 7) ±.<Dm&3tMtzM®.7 T 4 >ls*im-f2>tmffi (7 7) Xtt 

mm&*un?%7 * )\>i± (37) ©ir^ (3 6) ^wut^Ds mmm& 
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i±£.mnffi dio) t±mmm (ioo) (omz^.wr^mmmm.3 ( 1 

3 0) fcftflt*T^So 

2 2. s§5f<JIl (CHBtt^ii^^^^AtzfflVA^tvS^^^T'feoT^ MtB£lIi# 

(ioo) ^h^^^mu v^ftfr©^£MiB#Mffliii^fl ( i 3 o) 

2 3. IS^2 2^HB«0*^^T*$)oTs MIBSOT (6 1) >^tyIBb>X 

(4i) cD^^MtJ-r-iHifeqit^^D^ BuiBsi^r® (6i) (DtiLmiz&vmm 
^?n<D&mzmu^mmmmffi (i 3) ^jig^^s^xtiBufB^fflii^ 

(13 0) %miZ±m&ffim (100) ftlz{im2^&v^©ilirc£*Tlvf#£& 
2 4. 3t:&@ 1 £g3fS©Si^>X^AJC^£nS£^-Tr$>oT^ BUHB^SHt 

&im£.m&^i!BftB&M\s. mm±mm&m (ioo) co±uxi±rmzmm 

2 5. si^JBl{3|3®cDjt^i>-X^A^fflv>^nS*^^T-feoT> buSBU>X 
(4 1) #X-Ab>XT*&tK HuIBS^® (6 1) ^B«H3W>X (4 1) Ol 

2 6. M^l{3iB^Oit^^^^A{3fflv>^nS*^^T^oT N h&SBKI*® 
(6 1) #£ulBl/>X (4 1) <DM&&.miZfoKTZ<Dlfe&(DmmLW:£nm£ 

tttit -s «t o iznm lt & d n z om® t mib u>xt ©ffl^r&g 

fcHufBl^X (4 1) ©^KSfil3^t>-frT^M*rSSSt®^i&^l« (65) 4 
2 7 . m&m 3-11 £IBtt®lilfefttfi!&extt 13-18 KUBftOftK^X^ 
2 8 . 3-11 £§3i&©li&4ra^SXfcfc 13-18 £f3*&©til2>>X5r 

7 h^^T&fB^L/fegB^^o 
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2 9 . m&m 3-11 (D^ttitnzmffl,<Dmmmm%iW.x.& i 3 ~ i 8 (o^-rn 
tnztm&m&^z^&x&ix, mtmi£ffijE&mmmnx.izj>#-*y h 
m(Dmmmi&xmm£n&-&(D^>¥*.-?mxnm£nz&5izmm£tix 

3 0. mmMl 3Xfcfcl 9-2 5©V>m^ics3©©*^-7T^oT, HugBHJt* 

3 1. mm(Dm&*&7££&&tz&(»m&i>'Xy'Ax-&^x, u>x(4i), 

SMfc^ (31, 37). ^ftifl^ (31, 33, 37, 3 8) ( 6 

1) £Wb3^>-> (110) ^BUlBit^^ (3 1, 3 7) ±(Cift^-r?>*^ 
7 (2) £#;L. MIBMIt® (6 1) ttliuSB*^ (2) ©ffiSrttiSjl^nT 
£0. fiogfrfB^^-> (110) Xtt J 6©3E^£J!-r3#J8ffi->-> (12 1, 

1 2 1 a~e) fre><Z)3te&SSrrSfc#fc:Bui3l'>X (4 1) S^bTBu8B53fc 
*f(3 1, 3 3, 3 7) £§ft£i*S&©-eifc'K £e>l-> lufBS^*^ ( 3 

1, 3 3, 3 7, 3 8) C<t D£frAft£ttfc#J!SUHS'— > (12 1, 12 1a 
~e) GDH*fft©?*> 1 tr^-fe^SP ( 1 3 6 d) ©teXfc*«#K*-fe;i/ffi ( 1 3 

1, 13 1a — e, 1 3 6 a — c) (r n, gn, b 

n) i:btm MSBit^^ (3 1) t:J:»)a*$nfe^>-> (1 10) © 
«*{Mfc:*W"5£«-3*l (r[x][y],g[x][y],b[x][y]) £?iuI3#Mffle-*f 
<i(rn, gn, bn) (aot^I^itSC^Ct D£OT**iIELfc« 
iEM^tt (rc[x][y],gc[x][y],bc[x][y]) ^SSi^Ma^e (7) *flt*.Tl^ 

So 

32. m^ms nztm(Dmm^^Mzm^^ti^ti^^X'^>^x, msb** 

3 3. SI*@2K:|B«©S^^^A-C*o^ huI3«jE«B**s BuI3#MfflM 
W (rn, gn, bn) d© 
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©{iiul3#^ffiM-^ffi (rn, gn, bn) (Dii"?— n=> >xft$.&>£>ti&±i : 7 

35. m#m3 3iz$m(Dm^>7s^^$>-Dr. mz^y a jvz^mtzti 
?ni3^->^y^nut>ttmk<Dy°v-bv hy j )i#&mLTjsK>, mm 

3 6. m&m3 5{3f3fi©jiii^>;*^A-e&o-^ BulBrU -tr v h 7 fcMH 
3 7. mim.3 3\zmm<Dm.^^^X^>'oX, bubB^7 >r g£ 
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